The red fox Vulpes vulpes has traditionally been subjected to control efforts throughout much of its range. In this article, we present data on the sex and age composition of red foxes culled at bait sites in an area of southeastern Norway. While an excess of males were shot in early and mid-winter, equal proportions of males and females were shot in early spring. Apparently, females are more nutritionally stressed in March due to pregnancy and therefore visit bait sites more frequently. Culling earlier in winter will predominantly remove males and will bias the sex composition in the population towards females.
Due to its impact on game and livestock, and also because it is an important vector of rabies, the red fox Vulpes vulpes is subjected to control attempts throughout much of its range (Macdonald 1980 , Saunders & McLeod 2007 . Culling methods include trapping, poisoning, hunting with dogs for adults and for pups at den sites and hunting at night, either by searching an area by car and spotlight or by lying in wait near a bait site.
While culling will reduce fox populations at some temporal and spatial scales, the various methods differ in their effectiveness as population control methods (Hewson 1986 , Gorta´zar et al. 2003 , Virgo´s & Travaini 2005 , Saunders & McLeod 2007 . This is related partly to the ability of the red fox to compensate for hunting mortality and decreasing population density through increased production of pups and partly to its migratory and social behaviour (Storm et al. 1976 , Caughley 1977 , Hewson 1986 , Newsome et al. 1989 . Red fox populations usually consist of resident adults which, to varying degrees, defend their territories against other foxes, and of young 'floaters' without a territory (Schantz 1981 , 1984 , Corbet & Harris 1991 . While most subadult males disperse, a varying proportion of females may stay in their mothers' territories (Jensen 1973 , Macdonald 1979 , Englund 1980 . The effect of hunting on a red fox population will depend both on the sex and age groups removed and on the time of the year during which the hunting takes place. If mostly young 'floaters' are shot, the effect of hunting will probably be low. On the other hand, removal of adult, resident foxes, especially pregnant females in late winter, will probably have a higher impact on the population.
In agricultural areas of Scandinavia, one of the most popular hunting methods for red fox is shooting at bait sites at night. The bait is placed in an open area where foxes commonly travel at night and is maintained from early fall and throughout the winter. The hunter hides in a barn or a specially constructed shelter. Hunting at night requires snowcovered ground or artificial light for good visibility.
In this article, we compare the age and sex of red foxes shot at bait sites in late winter with those shot earlier in the season in an area of southeastern Norway. We also present data on subsequent bags of red foxes following one year of intensive local sport hunting. The hunting was carried out by local hunters within the regular hunting season.
Material and methods
We collected red foxes shot at bait stations during the hunting seasons of 2004/05 and 2005/06 from an area of approximately 500 km 2 in southeastern Norway (59815'N). This area is later referred to as the coastal area. We compared the sex and age composition of foxes shot in late winter with that of foxes shot earlier in the season. Hunting was particularly intensive at three neighbouring bait stations, which were located on a transect with approximately 0.6 km between the first and second and 1 km between the second and third stations, and which are later referred to as the core stations. We compared the sex and age composition of foxes shot at these stations during the season of 2005/06 with those shot during the previous season of 2004/05.
The coastal area is a typical lowland, agricultural area of southeastern Norway, located 5-10 km from the coast and dominated by fields, fragmented forests and scattered farms. The coastal area is located in the region which has the highest fox density in Norway, estimated at 20 animals/10 km 2 in early fall (Hjeljord 2008; Norwegian Bureau of Hunting Statistics, unpubl. data We also collected some foxes from an inland location 300 km farther to the north. This location, later referred to as the interior, is dominated by forest. At this location, most foxes were hunted using dogs and only a few were shot at bait sites.
We determined the sex and age of the foxes by counting the cementum layers on the roots of canine teeth (Harris 1978) . The first cementum layer usually becomes visible during the fox's second summer (Harris 1978) . Thus, if the microscopic counting revealed no cementum layers, the fox's age was set at 0, meaning that the fox was born last spring and still in its first year. We dissected uteri from females shot in March, counted the number of foetuses, and if possible, determined the sex of the foetuses.
We analysed data using contingency tables and Fisher's exact test together with simple t-tests and v 2 -tests. We used the SAS R version 9.2 (SAS Institute Inc. Cary, North Carolina, USA), the FREQ procedure and EXACT statement due to small sample sizes.
Results
In the coastal area, a total of 58 and 65 foxes were shot at Fig. 1 ).
Of the foxes shot in the coastal area, 36 and 32 The male:female ratio of 44 foxes hunted using dogs and shot in the interior area was 21:23. Only 17 foxes were shot at bait sites in this area and of these, 11 were males and six were females. We could not test for difference in the sex ratio between the two hunting methods due to small sample sizes.
We dissected 19 female foxes shot during March. Of these, two shot in late March showed signs of already having given birth, and therefore they were excluded from further analysis. Of the remaining 17 females, 10 were young of the year and eight of these were pregnant with an average of 3.8 foetuses. Of the seven females ! 1 years old, six were pregnant with an average of 4.3 foetuses. The difference in number of foetuses was not significant (t ¼ 0.419, df ¼ 15, P ¼ 0.68). Of the 31 foetuses old enough for sex determination, 16 were male and 15 were female.
Discussion
The sex ratio of foxes shot at bait sites during early and mid-winter was skewed towards males. The even sex ratio of foetuses and the difference in sex ratio among foxes shot at bait sites and those hunted with dogs in the interior area, clearly indicate that there is a male bias among foxes shot at bait sites during this time of the year, even if the sex composition of the population is even. We see three possible reasons for the male bias: most subadult males leave their natal home ranges, whereas subadult females emigrate less frequently (Jensen 1973 , Englund 1980 . This may also imply that female foxes are more stationary at a smaller scale and are less likely to roam far enough to encounter baits.
It is a common assumption among fox hunters that male foxes are less shy than female foxes (Kraabøl 2003) . Thus the male foxes may expose themselves more frequently by readily accepting bait close to farmhouses.
Late winter is the mating season of the red fox in Scandinavia (Lindstro¨m 1984) . Male foxes increase their activity during this period (Cavallini 1996) , which may increase their chances of finding a bait.
The male:female ratio of foxes shot in early spring (March) showed a different and actually opposite trend to the ratio of foxes shot during the rest of the year, with more females being shot during March. The most likely reason for this difference is that although females may generally be shyer than males, they become nutritionally stressed and less cautious during this month due to pregnancy. This conclusion may be supported by similar observations of other animal species. An excess of pregnant female beavers Castor fiber were shot during spring hunting (Parker et al. 2002) . Female beavers are usually the first to appear in the evening and venture more frequently onto land than do the rest of the animals in a colony. Also collared pikas Ochotona collaris forage farther from the talus when pregnant (Holmes 1991) , and bighorn sheep Ovis canadensis trade safety for access to more nutritious food during the last month of pregnancy (Berger 1991) .
Neither the hunting effort nor the number of foxes shot at the core stations differed substantially between the hunting seasons of 2004/05 and 2005/ 06. However, there were changes in the age composition of the bag. The increased proportion of subadults shot during the intensified hunting of the 2004/05 season follows a general trend in heavily hunted fox populations (Storm et al. 1976 , Hewson 1986 , Gorta´zar et al. 2003 . It is, however, surprising that hunting restricted to a small local area (the three core stations), apparently has an effect at the population level. This may be explained by foxes from a larger area making excursions outside their territory to search for spots with good food supplies (Cavallini 1996) .
Conclusion
Since attempts to control the red fox are carried out in many regions of the world, there is a need for knowledge on how culling can be carried out in the most efficient way. Our studies show that when hunting at bait sites is applied, reproductive females are most effectively removed in March. Culling earlier in winter will predominantly remove males and bias the sex composition in the population towards females.
